Introduction
One possibility for a qualitative identification and the photom etric determination o f amino acids is the reaction with ninhydrin 1 forming a blue col ored dye (R uhem ann's purple) [1] . The reaction mechanism is well-known [2] , but for the structure o f the formed dye different isomeric species 2 (e.g. [6] have recently confirmed the structure 3 for Ruhem ann's purple by means o f 'H N M R and 13C N M R spectroscopy, but the long-wavelength absorption at X = 570 nm seems to be unusual for the proposed dye structure. At first glance the chrom ophoric system o f the dye cannot be identified.
The aim o f this paper is to attach the Chromo phore to the dye structure. We propose that the conjugated five-membered rings having partial anti-aromatic character cause the unusual longwavelength absorption.
In former papers (i) Anti-aromatic systems have extremely small excitation energies, and therefore they absorb at long wavelengths.
A perturbation o f an anti-aromatic 7 r-electron system, e.g. by extension o f the conjugated system, is connected with a blue shift o f the longest-wavelength absorption, in contrast to aromatic com pounds, where a red shift is observed.
(ii) The geometric configuration o f anti-aromat ic structures is characterized by an alternation of bond distances and anom alous lengths R o f some bonds (in typical cases R > 150 pm).
(iii) The sum o f the net 7 r-electron charges (Q(7 t)) at the atoms // forming a five-membered ring can be compared with Q (7 r) o f the CPC (Q(7 r) = 1 ):
This can serve as an additional criterion for complex structures containing a CPC fragment.
Especially because o f (i), if one can show the presence o f an anti-aromatic structure element within a certain com pound, it is to be supposed that this part o f the m olecule will act as the basic chromophore.
In this paper, we have studied three different proposed structures o f Ruhemann's Purple (2 to 4) and calculated their geometric parameters and electronic structures in order to identify the basic chromophore o f the dye o f the ninhydrin-amino acid color reaction. Additionally, taking into con sideration the criterion (i), we calculated the elec tronic spectra o f related structures 5 to 9 with a shortened ^-electron system.
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The chrom ophore o f Ruhemann 's pu rple
The most probable structure o f the blue-colored Ruhemann's purple is the enolate 3 which is one o f four equivalent mesomeric structures [6, 15] . This structure contains an indandione-l,3-enolate frag ment. In a former paper [9] we have shown that the red color o f indandione-l,3-enolate is caused by the five-membered ring which has anti-aromatic character.
The color o f indigo and o f indigo derivatives has been explained in the same way by the two linked five-membered rings which have partial anti-aro matic character [10] . Some specific properties o f the indigoid dyes, e.g. the blue shift at elongation o f the conjugated 7r-electron system, can be ex plained only with the anti-aromatic character o f the coupled five-membered rings.
These arguments are indications that the basic chromophore o f Ruhemann's purple should be the two five-membered rings connected by a nitrogen atom which have partial anti-aromatic character. Using the criteria for anti-aromatic character o f conjugated five-membered rings formulated in the introduction we will prove this assumption in the following.
Absorption spectra and electronic structure
Corresponding to criterion (i) the small excita tion energy o f the longest-wavelength n,n* transi tion o f Ruhemann's purple is caused by the anti-aromatic character o f the five-membered rings as the chromophoric system.
The experimental (^E exp) and calculated (J E calc) transition energies, the experimental intensities (lg fi), and the calculated oscillator strengths (f) o f structures 2 ,3 , and 4 are given in Table I.   Table I . Experimental (^E exp in nm) and calculated (J E calc in nm) wavelengths and experimental (lg e) and calculated (oscillator strengths 0 intensities o f the ab sorption maxima o f structures 2 to 9, and sums o f the n net charges o f the five-membered rings (Q(n)) o f the enol fragments calculated by the PPP procedure. To explain the absorption spectrum o f Ruhem ann's purple the transition energies were calcu lated with the PPP procedure using the optimized geometry o f structure 3. The calculated transition energies are in fairly good agreement with the ex perimental absorption maxima [15] (see Table I ).
The longest-wavelength absorption shows a sig nificant solvent effect. In pure nonaqueous sol vents the maximum is located in the range from 550 nm (in pyridine) to 605 nm (in D M SO ) [16] .
The calculated absorption maxima and intensi ties o f the enol 2 correspond very well to the exper imental absorption wavelengths o f the diketohydrindamine-diketohydrindylidene • 2 H 20 in chloro form or in benzene described by MacFadyen [15] .
The most significant indication o f an anti-aromatic character o f the five-membered rings besides the small excitation energies is the spectral shift at perturbation o f the 7 r-electron system. To check this characteristic feature we have investigated the structures 5 to 7, and 8 and 9 with smaller 7 r-electron systems in relation to 2 and 3, respec tively. The calculated transition energies for these com pounds are collected in Table I . The PPP cal culations were carried out using the same atomic parameters like for structures 2 and 3, and M N D O optimized geometries.
In the case o f structures 9 , 8, and 3 (Ruhemann's purple) the extension o f the conjugated ^-electron system results in a blue shift o f the longest-wavelength absorption by more than 100 nm. Because both ring systems are equivalent the both fivemembered rings should have a comparable signifi cant anti-aromatic character. The two equivalent CPC fragments within the enolate structure 3 can be considered as the basic chromophore o f Ruhe mann's purple.
For the enol 2, the spectral shift in dependence on the extension o f the 7r-electron system was stud ied with the structures 7, 6, 5, and 2. In this order also a blue shift is observed. This means that espe cially the five-membered rings within the enol structure elements should have a partial anti-aromatic character which are the chromophore re sponsible for the long-wavelength absorption and the red color o f the enol 2. Structure 4 can be excluded from the discussion o f the chromophore o f the dye o f the ninhydrinamino acid color reaction. This compound should absorb in the UV spectral region (see Table I ) be cause the conjugated system is interrupted, and the five-membered rings have no anti-aromatic char acter. about 20° in the enolate 3. In the case o f 3 both conjugated 7r-electron ring systems are equivalent and therefore the electronic structure o f 3 can be described by four equivalent mesomeric structures [15] .
E lectronic structure
The third argument, corresponding to criterion (iii), for an anti-aromatic character o f the fivemembered rings in complex molecular structures is the positive charge o f the ring (see eq. 1). Q (n ) o f the structures 2 to 9 calculated by the PPP proce dure are summarized in Table I .
The values are approximately indirect propor tional to the excitation energies: the greater Q (7 r) the smaller are the excitation energies (the greater is the value o f the longest-wavelength absorption), and the stronger is the anti-aromatic character o f the five-membered rings within the enol or enolate fragments o f structures 2, 3 ,5 , to 9.
Conclusion
The diketohyrindamine-diketohydrindylidene enolate 3 was confirmed as the structure o f Ruhe mann's purple which is the dye o f the ninhydrinamino acid color reaction. The basic chromophore o f Ruhemann's purple can be explained with the anti-aromatic character o f the coupled five-mem bered rings.
The chromophoric system o f the enol 2 which absorbs at somewhat shorter wavelengths (485 nm, red color) is the five-membered ring within the indandione-l,3-enol fragment which has also par tial anti-aromatic character.
Both molecules 2 and 3 are non-planar. The ring fragments are twisted against each other by about 44° (2) and 20° (3). 
